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llterature, surveyed nufacture s and 1nterv1ewed hand1capped~
ly. consumers. of’ 1nformatlon-age technologies in ‘a’
gned to 1dent1fy i rtant “access;blllty 1ssues

'« Lo o
' s le
. . N

This ‘exp oratory prOJect .conc trated upon personal R

‘ computers ds p oxies for 1nformat1 tedhnologles becausen._?
- manufacturers and l'terature revealed that: mlcrocomputers. R
ing used in' bQSlness ‘and ;in. the hepme B

1ncreas1ngly ar
to access what is often. called "the 1nformatlon age’"‘*
L s ‘ . - 3
" Interviews w1th consumers, surveys of hardware and software
manufacturers and reviews of: relevant llterature hlghllghted ’
some major acce551blllty problems. Pensonal computers; appear .

. to be moving toward less rather than more acce551b111ty for -

v -
o

a

persons with hearing, vission, moblllty and learnlng llmltatlons.
This is a matter of some concern glven that several’ tens-ofh_
-millions of Americans are. restrlcted in one Or more Gf" these

" .ways. Unless some steps are. taken to make’ 1nformatlon, b e

technologles more acce551ble they may be shortchanged. ng )

Probably the two most crltlcal con51deratlons are

-% redundancy and,transparency. ProV1d1nq information both vrsually

‘and auditorially will.prove to .be of major benefit ‘to deaf and-
hearlng—lmpalred, bllnd ana visually impaired, learnlng dlsabled

- and retarded 1nd1v1duals. By contrast, offer1ng 1nformatlon in
“oné modallty\but not in—another, or some infermation :in. one and
Some in anothgg; poses.serlous acce551blllty_p oblems for these'
person Tran§parency refers. to steps.which make 1t 1mp0551ble .
for the machine ‘to "Know" whether information’is entered directly
on™its keyboard or through ome other 1nput mechanlsm, transparent
technologﬁes may 'bé used by persons "having ifficulty manlpulatlng
keyboards, 1ﬁclud1nq many persons w1th arth 1tls and otﬁer T
phy51cal llmitatlons. T A _ L ‘_,w R
! ..Further work is neGessary before” formal standards for -t

acce551blllty to information-age technologles may -be formulated.y

"To stimulateé such efforts, the project staff proposed a national
conference betWeen hardware -and software manufacturers, dlsabled
and elderly consumers and experts on- accessibility-. That meetlng
tentatlvely 1s planned for the Whlte Ho&se in February l984.v
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T “The prOJect d;rectdr thanks Vernon Glenn, D;rector of the | IR
:~ . - 'ARRTC}" graduate.a551stant George KhouryV ‘and secretary°- o e
""7 .. Debbie Sullivan £0r their’ assistgnce in'this project. & =~ ., . 7. ..
,wn. . The dlsabled ;nd1v1duals -from four’ States and th -District RN S
con L ofs ColuMbla offered invaluable flrst-hand 1nformatlon, DT
i although We.. -cannot thank them all here,‘they know: how R L
-.mugh*they helped us. Commissioner Russell Baxter- and- T T L
3Deputy Coimmissioner Gloria Kemp, as well as AbleData broker ‘ I.;ZP‘_
Sue Ga kin, a11 of the Arkansas Rehabllltatlon Serv1ces, S w
.prov1ded invaluable aid and sggporta The personal interest and help o

tof AT&T dlstrlct managers A Tedesco and Jay Rochlin ..

were of 1nest1mable ass;stance 1 eompletln the work of. e
‘ thlS progect. R T . ( B o o . \ " .




' Introduction

o )

4

o In the: Unlted States today, approx1mately 27 mllllon to ° RS
36 mIlllon people are. dlsabled. They have, that is, permanent C-
limitations of" activ1ty which affect their agiflty to work or

: dothousework,xbeneflt from educatlon and othen social servrces,
and partlclpate actlvely 1n communlty llfe. S s

: . - ” A .
T As Amerlca leaves a "Postlndustrlal Ag‘““andtenters an’ _“3.'
“"Information Age," the guestion must. be posed~~"What is being -

‘done to ensure ‘that mllllons of people w1th'*spec1al needs' are L
. not: belng Tleft beh1nd°" T R SRV S
-,' The questlonuls part1cularly p01gnant 1n that the ma551ve Co
cobnstructjon that characterized this country's growth for® the . .
-7 first thrée-dquarters of the twentieth . century proceeded with; e
“, little if any publlc attentlon to-that question. As a resultj -in =~
the late. 1970's, 'laws were passed;’ regulatlonsgq@ré'promu}gated,,, L

" and’ several billions of dollars were spent, 'to’ "retrofit" an -
1nacce551ble Amerlca. Are we about to repeat that pattern"

Pt - This project was conducted as one effort.to prevent so serlous

”>, a‘mlstake. The.work was exploratory in;. nature: it sought more‘'to. = |

' " - raise questlons than to provide deflnltlve answers. Nevertheless, S
8 : some ‘tentative dlrectlons for future actlon have emerged. e

S ) It 1s our hope that thls document represents aebeglnnlng of .

o a much-needed and Long-overdue con51deratlon of the needs. of.““ e

. ' dlsabled and older Amerlcans an an "Informatlon Age* T ’] R
L Background. .. R I R e,
:J‘ ’ : - ‘ i trt ' : vt ' ) ' A‘ . P -d . .
. , o : < : , R L o oo BRI
. Voo : . . - . - ] \' . k f

. . This p ject was funded by AT&T, in a’ graht to the Unlver31ty ‘
& . of 'Arkansas (Kehabilitation Research and Tralnlng Center, Fayettev1lle.
T, The ARRTC is supported by. the ﬁn1vers1ty and by Arkd sas Rehabllltatlon
e e Serv1ces, the state vocational rehabilitation agency. Since 1965,
"* ° it 'ha¥ conducted a series of research and tralnlng projects on .
rehabllltatlon of persons with - dlsablkltles, many of wh1ch dere’ o
sponsored by the Federal Government. Yo P P T R
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o The progect w proposed durlng an 8 July 1983 meeting . .
of ATAT District: Maﬁager Angela Tedesco, AT&T District R
> Manager Jay Rochlin and ARRTC Visiting Professor Frank Bowe '
,» i at AT&T's. lQSkabadway headquarters building.. At its

. 3 August 19832meeting, AT&T's: contrlbutlons commlttee

o approved a grant for the proposed work IR . . ' s
A o In Septémber 1983, the prOJect began with Dr. Bowe ;'
‘ - assuming: responsibility .as pxoject director. The cooperatlon

" *» . of the Arkansas. Rehabilitation Services agency was, secured - >

- from E. Russell Baxter, Commissionér. ARS staff 1dent1f1ed R
disabled . 1nd1vr§uals in th ytate knowrny to be .using: : .

'acomputer-relate informati technologles.-These persons were Ty
: contaqted and asked to p t1c1pate in the study, as were . e
o others'ln‘the S¥ates of w -York, Marylang, and Vlrglnla,a _-~'-j L
;ooatas "well as in ‘the’ Dtstrlct fYColumbla.alnterv1ews with these BT
" . persons, at the locale of ‘the omputers théy used, were R
,conducted by the progect dlré or in October and November. '~,; v

e . \Meanwhlle, llterature Jon. hlgh techno@ogy and dlsabled '
. persons was collected .and v1ewed° In. the fast;mov1ng and o
. j:stlll-young computer fleld magazrnes and " ]ournals proved £
~»" - much mere valuable .than'di#l textbooks. Byte, Persongl - Comoutlng,; _
.. PopularComputing, Busihess Week, Fortune, Forbes, gh c
- 'Technology, the now-defunct ‘Technology INustrated, U. S. News &-= ,
" World Report,leme, Newsweek” -and Inc. magazines were reviewed ro
in toto, coverlnq all 1983 1ssues. Among the £ boo&; found’ to
be helpful were’ Bazar s Ergonomics in Rehabilitlhtion nglneerlng,.

. Cakir's Visual Display Termlnals and SEArn and Red\gais Technologx
‘for Independent L1v1ng. R 3 -.

-i

';*u In Novemberf more than lOO hardware aﬁﬁ/software manufacturers
‘were surveyed- about ~the acce551blllty features of thelir products.

- “Thirty-five’ replles (30%) were returned -and -considered - complete.;
"Response$ were tabulated and analyzed; w1th flndlngsvintegrated °
-into thlS report g v BN v T T

I The prOJect s flnal act1v1ty was, to arrange with representatlves
. - . of the ‘Federal Government to sponsor a national conference brlnglng

ﬂfl‘ together selected representatlves ﬁrom the industry, the major -

‘consumer groups and’ the professional fields involved in- access1blllty <

work’.. The White 'House is: expected to host that meeting in February
1984. Because the conference is not a praject’ activity under the
_ ~orogect staff's control, 1ts proceedlngs are not 1ncluded in thlS
.‘_report e PR fw_, , G . o ,

e ot
e o

. ’ e ot : . . oo
\. LT i —r . i, ‘.
o . . . . i T
L R ) o . :

o Technical,Aspects

:,«',‘1 . . R " . L S
sy

. As the project began, it was bec0m1ng clear that. the technology
" of ‘choice" for 1nformatlon-age tasks was the personal computer. -:
_Business Week, im & 3- October l983 cover story dlscu351ng ‘the
IBM PC, made thlS polnt- o v R : -




: e . . ’ : L

< "The unexpectedly rapid success of the PC

- also is enabllng IBM to keep-up with
"another fhajor 1ndustry trend that neither

‘the computer giant'nor its competltlon had
.expected. Personal. computers in qeneral, and
‘the PC Jin. particular, 3re becomlng the most -
polul method for’' professiondls ‘and executives
:‘allke to tap into 1nformatlon proces51ng." (p. 86) .

[ WIRRP
.

'As Personal Computlng magaz1ne s phenomeﬁal growth shows as ,
well home and: personal computers are being used 1ncrea51ngly
by consumers in .the home to’ tap 1nto "Informatlon Age" serv ‘ers.
and products.~._v,_ . _ . .

N : : ' v Lt
a Because of the powerful trend.toward personal compuﬂbrs ‘(
zEnd because of a belief that flndlngs we® obtained with L
uch devices likely would be generalizable to other kinds
of computers and information technologles, the pro;ect
Q ' concentrated upon access to personal computers. R .“d ot

. vA related technlcal dec1s1on further dellmlted the
scope of.the project.:While tens’ of millions of Americans.
_have -what mlght be called’ "spe01al needs, " these needs’ are
varlgtlons upon basic themes: those problems disabled

. and ‘older persons have in receiving. information and those
» difficulties these people encounter in manipulating .’
* information. ‘Accordingly, the progedt focused upon

’g " 1n§ut and output questlons. _4

N A thlrd techn{cal dec151on was made. In the. bellef that
~)acce551b111ty for persons who are severely disabled in
some way also.would provide, in most insta ces, access1b111t
-, - for individuals less. severely disabled in hese ways, the
o “:Qﬂ progect concentrated upon the problems of s ely disabled -
" Persons.. s . y S

rellable soudrce: of: 1nformatlon about Yshese problems was . - N
thé.consumer. The prOJect sought to inkerview, in person:

and at the computer . locatlon, severely dlsabled individuals.
The information these persons provided was cross-referenced
with professional literature ‘and with manufacturers in an
effort ‘to- 1dent1fy the prec1se nature af the- problems,~f
belng reported by the consumers. : _— :

P . . : N = -

. ~ - . . . . . _'\ .
» e - | B | \ ,

Flnally, the dec1s1on was made %hat the most valld and
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Limitations - L .

_ . . A T .
'7This rOJect was: prellmlnary in a number of ways. .
i Wi
Flrst, by its duratlon. Begun in September, 1t o
concluded in ‘December. The short-time frame was '
dictated he limitations in funding: in Federal
.contract fterms, less than ‘one-sixth of a "person year
of effor was 1nvolved

v

Second, by the technlcal dec1slons made. Some
of these dec151ons may have restricted the scope " . o
of the generallzablllty of the P¥indings.: Fer’ example, : - .
1t -may be that steps taken to make. personal computers .
"accessible" to persons with, say, severe: hearing -;;”j,
disabilitiés“may not also prov1de .accessibility to oo

- persons with mild or moderate,hearlng losses.-_ 7 ‘ N
\ “'.'.

Thlrd, by the llmltatlons of the data collected
“While a thorough llterature search was conducted,
'some important sources may have: been overlooked.

Slmllarly, the samplé of sllghtly less than three: dozen_}

severely disabled 1nd1v1duals in four States and the * .
District of. Columblaqmay have produced some statistigal -
-artifacts that a larger‘sample nmight have obllterated

. And responses from manufatturers were fewer - 1n number-3

than we would have llked. , :
For all of these reasons, the progect must be

viewed as‘a. prellmlnary one. The planned Februaryﬁ

conference will be another 1mportant step in the

“effort to''delineate more surely the nature of the.

problem and the- dlmen51ons of. the feaslble solutlons.
Further work may become necessary. Just as standards

will be. needed,-eventually, for technical specifications’

on,. for example, dlsk size, so; too,.1t may -become

in their efforts to make their products "access .
‘Such- standards are beyond the scope of\thls prOJect.
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Persons with Special Needs‘ T T : o : i:

v s . . . ..

‘ : Wlth reSpect tg 1nformat§on-age technologles such’ as. :
! personal computers,\several limitations of act1v1ty are
v.lmportant These are referred to, collectively, in thls _ -
_paper as spec1al needs" R _ o T

A

Vision. About 11 mllllon Amerlcans of all ages have
1mpa1rment of vision; more than- half of these persons are
' over 55 years of age. About 1.7 million individuals have-
severe visual 1mpa1rments, of whom about 450 000 are
) legally bllnd . v
. Bllndness is deflned as 20/200 vision in the better R
. eye, with _correction, or a ‘visual field subtending at an
angle of less than 20" degrees. Generally, a blind person .
'could perceive a symbol on a Snellen .chart at 20 feet, that = = ,
an individual with normal v1slon could .See at ten times . ' PR
that dlstance. ' C L . )
i
_ Severely VLsually impaired or bllnd personsg often cannot 4
readsinformation on a d1splay as normally. conflgured Many can,
.howeveY, read. magn1f1ed images. . Others rely upon aud1tory
- and/or tactlle cues ~_ »

Hearlng hhpprox1mately l4 mllllon.Amerlcans of all ages
have losses of hearing in one or both ears; about half are
over. 55 years of age. Some 2. mllllon are deaf. Deafness is
the inability to understand conversatignal speech through
the ear alone regardless of ampllflcatlon.

., _ : . hee o
'~.“ o Persons with severely 1mpa1red hearlng ofteé%are unable ' ,
to comprehend clearly spoken messages on .the .teldphone or. - . R
from a -computer terminal; many will. not. hear the "beeps" some_ ..
"-compgyer programs produce, regardless of ampllflcatlon. :

o~ C Physlcal Mobility. Some lO mllllon Amerlcans have _
restrictions ogtmoblllty,.usually with the upper or lower . Lol
limbs. About one-half million use wheelchairs. Severdl o .
million others have severe flne-motor control limitations: e
affectlng finger moblllty, as w1th arthr1t1s, erebral palsy,
.~ and quadr1pleg1a.¢ : ,;_.{ 4 . T e :

-~

o These persons tend to encounter two major problems w1th

L telecommunlcatlons and other 1nformatlon-age technologles ¥
‘One is reachlng persons using wheelchairs usually can reach
no more than 20" past a desk edge.,AnothEr is keyboard
control 1nd1v1duals w1th cerebra1 palsy and arthrltls as.
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. well as qﬁadripleiga'havé*difficultgspositidhing'the fﬁggers,i_i Lo

~accurately and cofSistently on the close-packed keyboa

- . Learning. Learning disabilitigs’have'attractedﬂmucﬁ[moiefj
 attention in recent yeq;S.uWith_dyslgxia,;anyindivigual has ~
difficultyginterpreting<vi"al ian;matioanuch'as;ptint SR A
altheugh. the eyes themselves generally ‘are not impaired: With . . %
- some other kinds of learning -disabilitjes, interpretation of .
~ ~ auditory information is sharply . limited, despite thHe fact - o
o that'the~auditory;organ-functionsfndrwally;fMOStvléa:ningédiSabled .j"
persons’ have normal or near-normal general intelligénces.: -~ -
D A : A -

Voo

- Rétardation is a general reduction in. level of fuhgtiongng.. +
Persons who are retarded, n respond more satisfactorily to .o
spoken ‘than’ to! printed messag S, and most @ppropriately to .+l o
-demonstrated or acted-out requ sts or instructibns. Experience -~
in classrooms.suggésts-thqt,many retardgd‘persons11eérh-yery:-; R
- well with the patient;,uncritical;intervéntion-of'afcomputer,1‘.‘sy s

.+ We have lesé’satisfactoryZstatiSt;cs on thé_prevalenqé”pf#¢~ffa5
learning-related&disabilities’than.wefdo on sensory and physical
restrictions, but we do know that several millions. of Americ¢ans -

~‘are dffected..” - - .- . L S SRR

‘ Speech. About*tWo"million,Americaps ofgaqud§esﬁhaVe;SQVere:
speech: impediments that are not correctable surgically. @ften, )]
emotjonal stress during the speech-developnent years of childhood :
‘results in stutfering and other speech‘réstfictiohs;”persoﬁs}withf[ﬁ”»-:
such limitations usually are of normal emotional sStability .and - boitem

. intelligence as youths and as adults. But.they #ay have difficulty <. ..

Proneuncing words istinctly, consistently, .and discretely as .’ e

- required’ by curren .speedhérecognitionjbﬁchnolégiesz’w A

- The Promise -~ .

, The emergence and rapid. spread.of ggr$onalﬂand'h0me‘ omputers . .
sparked -tremendous interest3am0ng'perSQgéﬁQifh,speCial*n eds\ . 5
throughout: the nation because these devices seemed to have alm ~
unlimited potential .for serving as Yaccommedations" to méet their
“ needs. - ¢ . T C R R
.~ For persons who are deaf, for example;-the computer seems . :
tailor-made. Almosﬁfall'commercial oftwarebnow‘évailableﬂrelieSj "
upon -visual display rather than dr ificial speech orsound-to R
‘convey ‘information;, among:computer:games;1fewé; than'one,dozen’- , R
require the player to hear: And otherfeatures qf computers gSeem’ .
. : F ' et L, Sy B g
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. /to promise evén mbre help. Spelling checkers-are wohderful for-
.+, ".% ".persons who lost thefr«hgaring early in. life - and had great-
e fﬁdifficulty}masteringFthe,Engliéh'languagé.;On'théthogizoﬁ are

3 speech-recagnition”capabilities.fHat seéem-to promisé that the ©. .

" . computer will ‘open the door to-telephone, in-person, itelevision, . . |

;'and““ven“radib'speech.coﬁprehénsion.beming;ftoq, are grammatical ..

. construction checkifig. programs that ,would help persons: with BRI

E difficultyiframing‘cd:;éct”SYntﬁx;dsuch capabilitiesiliterally . .

o . would change the lives, forever, of deaf and severely hearing .~ ' ]

.+ + i o .impaired’persons. .. . oo L PR

N

*es ', . ‘Blind individuals, . tooj) became:very excited about-‘the + - - -
o iédvent,cf_thé{affordable'computer,?SYhthesized‘speechf o e
... devices priced at' $200-$300 enable them to listen.to words - .

~+, .+ 'and’'numbers. others sée on- the’ screen. -Other: interfaces, such’ .- -
a as a specially-equipped Optacon, 'can provide tactiié vérsi¥is, : -

of displayed information. With personal and home "computers;” : . R

blind individual¢$ reasoned,’ they. could leap@fog the_old‘j Mol e

bugaboo "that "you can't keep up with ‘the paperwork". . .. 00

\

. Physically .disabled individuals -as well -demonstrated keen .
'a'interest‘infpérsonal‘and;homepcomphters.)These*deviCes may - - -
> act.‘at a distance, such that someone with g severe mobility - . .
© %+ restrictjon i¢ould work .from ithe home almost as well-as from ... .- = -
., an office, eliminating the need fox the exhausting and :always |
\jg,'zdiffipult commute ‘to work., Personal computers, too, .can - '
', - . control'eléctrical devices in the offjice and in the. home
U 5u¢h“asllighxs,)heating-and air conditioning equipment, alarm =
‘... :signals, and the like, saving sizable ‘amounts of eénergy and
Cotime. Tt 0 A T R I N TS D

L - LeanningTdisabled=per§bnchelebrétadfthejcépacffy,df*théj¥ '”
{~lf:,.f'COmputer,to,procéSSninformatioﬁ‘frbm the modality they.could: .-
.-, . not pracess.well to.one, they could. Dyslexic persons, for. - . ¢
.o 1example, could draw.upon the-same:synthesized-speech technologies:
. 77 'blind peopl€ found so'helpful to "read" informatign froma .. "
-¥ . .. .screen.-Persopns whose learning’disabilities interfered with
', . the interpretation of auditory .information -could read rather . =~ 7,
"+ .+ than listen to information. And retarded individuals could -
- ' .rspend as much time as needed, without risking the impatience - . :
.. »of a“teacher, to master material.. .- gj; T e
o , 5 PR PR o . a S C . SRS . ; e
.. . These promises ‘lopmed ‘especially large because -the effort:: - ,
td retrofit an ‘inaccessible America has yet to be completed. - . . .
'"Phblic trahsportation systems,. to illustrate, remain largely ‘
,inaccessible”towpersops-uSing"wheelchairsﬁfTelephones may be -
.-used by deaf persons-only to call others having specialized = = =
S -equipment; called Telecommunications Devices for ‘the peaf; the. ™
o development of "Picturephone" was stalled,in the 19707s, Kurzweil =
' . Reading Machines, whj ~hrapslate pgint. to voice, remai TR
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. The Reality

i ~The'fact_that'personal'and.home'computers were.being - -
- - designed, not to ieet the special needs of disabled and.
-~ older persons, -but to satisfy the-desires of the general:
., population.ipexdrably began to erode the promise that .
.once appeared so-glittering.. R Lo
. Blind persons, for example, quickly léarned that
. 'purchase df-anvipexpensive‘speech‘SYnthesizer?gained o
them access only to.a very small fraction of available -
COmmercial‘software,,BecauSe_most'such software dis
~ "protected,™ it has.features that interact with the
. disk operating: system in such a manne -as to prevent
. the muser from copying the program.. Thése same features
~also prevent information from being s to the. spéech
' . 'synthesizer. Accordingly, blind persong using Votrax,
- Echosor other ‘speech synthesis technoldgies found that
the only information' they could get read aloud was
.. 'that which had been processed by unprotected or specially -
- adapted software. When a number of blind individyals protested
to software manufaCturers,:theyfwere rebuffed: the. concerns
of the prbducers_about-unautho;ized»copying of ‘disks overrode
the comparatively-minor issue of inaccessibility .for -blind
persons using speéth synthesizers because demographically e
‘the general -market -dwarfs that of blind persons.. . R -

- - Bnother problem then surfaced. The tééhhdlqgieé introduced
by Xerox with its Star workstation, particularly the use of

icons or images, began to-spread, first to Apple™ Lisa . . ¥ ... ¢

.and then to other hardware and software products. These images .
-cannot be read by a speech synthesizer. The emergence of :
- "windows" on the screen, sophisticated. graphics, and other o
" visual display mechanisms also proved to be unreadable huzéb .
h the Votrax, Echo and similar machines. g IR LA

.persons’ if these'are so configured as to enable these. ..
‘individuals to use the same hardware and softwareras classmates
"in school and coworkers in offices are using. The emerging
reality is that they will not be, at least not in the = = =
foreseeable future. Rather, blind persons will be able to use .. - =
some computers (notably Apple ‘IIe's). and some software - -~
(particularly public-domain, user-designed, or specially
- prepared packages).’’ And the trend is toward more, not less, :
._inaccessibiliﬁy;]Genéralhpublicfusers appreciate. the "user-friendly" -
' icons; ‘mouses,’ and other features at pose so many problems for
persons using speech synthesizers./ . ‘ L :

- . Personal and home C6ﬁputers”willibé most helpful toﬁbiihd ..




‘_jnow discernible that- hardware or software manufacturers are L

"(:;;:.1“ - N

Eventually, perhaps, commerc1ally avallable software will
,_have its own built-in synthesized:speech- capabllltles that will
.obliterate the interface problems now being experl nced by
" many ‘blind persons.. But only perhaps. There is no ridence *

taking the "special needs“ market seriously enough to plan
for 'such’ developmenté. Rather, such happy changes w1ll be '
acc1dental Or they ‘may not occur at all. CoL .

"As Gregg Vanderhelden of the Unlver51ty of Wlscon51n at
Madlson s Trace R&D Center, and an acknowledged expert on
,personal computers and hand1capped 1nd1v1duals,'says in, an
as-yet unpublished paper: "As the computer is advancing
hand1capped individuals two steps through the use of spec1al
programs de51gned for handlcapped individuals, ' the computer
‘is advanc1ng everyone else 1n soc1ety flve steps.“

With respect to’ persons who are ‘deaf, slmllar problems
are beginning to emerge. We are seelng in the computer games
field that programmers:areé taking advantage of the growing
power of personal computers-to introduce: synthesized speech °
and artificial sound into the games; a deaf person cannot o
play games which “require . comprehen51on of spoken instructions .
or perception of different kinds _aud1tory signals. The
very .integrated speech-synthesizeg capabilities that might
- help blind persons use commercial®software may render such
programs inaccessible to deaf individuals. And although the
_speech-recognltlon realm is developing very rapidly, there .
is nd assurance at present that .computers capable of recognlzlng
‘speech will be designed in such a way as to enable deaf . persons:
to use, for example, the telephone: there may be llmltatlons
of memory, of speech-recognition vocabulary, and of interfacing
equipment that would prevent such specialized uses. Again, .
computer hardware and software manufacturers are respondlng, not
- to the needs of deaf persons for technology to ‘help . them: . _.-
understand speech, but to the demands of the- general. publlc
for "user-friendly" products. There remalns the possibility.
that- reaching the latter goal, which is to the manufacturers
‘much more ‘important than the former, would be incompatible
with meeting the needs of deaf per;ons.,If sp, what may happen
is that personal .and home computerg, today so very accessible ’
to- deaf persons, may 1n the future become dramatlcally much less SO. -

: Learnlng-dlsabled persons may find, to their. chagrin, that
“~hardware and software products are designed to tap both hearlng
and vision; that is, some commands - or data may be dlsplayed
- visually and some auditorially, within the same program. , - N
- Dyslexic persons might dlscover that they could hear, and process,_
- so few of the signals that using the program was impossible.



. For persons who are retarded, the drive by computer programmeré
to tap the ever-growing power of personal computers to develop
ever-more complex programs may leave these individuals behind..
This may ‘be particularly true if programmers follow the. lead
.- of educators influenced by the "Sesame Street" approacH of .
' mixing sight, sound, and other modalities in order to tap .
‘as many lnput capabllltles of the normal Chlld as pOSSlble.

‘ Phy51cally dlsabled persons today often use what are
called "keyboard emulators," that is, specially de51gned
lnput mechanisms they can use much better than, they.can the
standard keyboard. As is the case with speech syntheSLZers,_
S"protected" software's lnterference with the operation of a '
‘disk operating system often’prevents use of such emulators’ o
with commercial software.’ Ariother problem has to do with the T
‘power of currently available personal computers. Even ¥6-bit -
mdchines often cannot perform more thgn one task at a: t1me.

'‘As Vanderheiden has indicated ("Computers, Can Play a Dual
Role for Dlsabled Ind1v1duals," Byte, September, 1982, 136
et seq.), many severely disabled persons need a "multi-tasking"”
capability’: they may need, for example, to use ,the computer ) /
- with its modem to handlg telephone calls without having to- L
download a commercial software program. It is possible, although
not yet. demonstrated with products- on the market, that-32-bit
desktop computers such\as those undepgydevelopment by AT&T and
IBM, may.be ‘capable of such sophisti®ted switchingy -
Vanderheiden also speaks of "multi-level™ programs, which can
‘accept inf®rmation from one level into'a second level. For
-someone who needs to use a spec1al subroutine to enter words.
or data into a computer, it is often necessary now to. ‘employ
two terminals, not just one. One ‘terminal dlsplays the options
on a u, from which the. user selects the desired data; the
other ferminal displays the commercial program. It.is pOSSlble,
- but: again not certain as- of yet, that the more powerful 32-b1t
machines. may meet these spec1a1 needs. : ‘ :
: The reallty today 1s that computers are much less acce551ble
" than they might at first appear to be. And the dlrectlon of ‘
effort is toward less, not more,_acce551blllty.-'. :

We face the prospect of leav1ng tens of millions of Amerlcans
out of the "Information Age" if these current and progected
problems are not: recognlzed and resolved.

1)

™ If we fail to do so, it.will be a traglc irony. Personal :

. computers and other lnformatlon-age technologies have the potentlal
py of helping persons with special needs participate fully in the -
life of our nation: quite literally, these machines can overcome‘;
the limitations of people with special needs. They can hear for
deaf people, see for blind people, move information for mobility
restricted 1nd1v1duals, and prov1de patience and repetltlon for

. ,retarded 1nd1v1duals. _l‘ S ‘ L 5 - - ‘*=f”

S




. Some NextﬂSteps

3 ""’\
' It is still posslble to arrest and reverse, the
unfortunate trend toward decreased accesslblllty /

- The f1eld of 1nformatlon-age technologles 1s stlll“f

R in its relative infancy. Standards for hardware remain
.elusive, " although the MS-DOS and UNIX operat1ng systems
and the IBM.PC arch1tecture are becoming de facto -
standards in many respects. Advanced 32-bit desktop
computers are expected to comprise some 8Q% of all
desktops -sold by 1990, according to Forecasting 4
Internatlonal the’ fact that few such machines- have yet
been 1ntroduced to the 'mass market offers some hope that :
they may be made accesslble at relatlvely llttle cost. LDt

»

¢ - AS of November l983, 1ndustry experts State that
fewer than 10% of business executives’ use computérs IR
or feel comfortable around them ("Why Executivés, Don t
Compute," Fortune, November 14, 1983, pﬁ“‘24l 246) ’ '

Although more than half of the,nation's schools. have at - .
[ i
least one computer, indications are that lellons more

~ such machines will ‘be purchased- in -the. years to come, , ’ B

. according to Education Turnkey Systems And Persgnal - N ‘ff'
Computing estlm es that fewer than 10% of the- igtlon's*
famllles have p rsonal or home computers., :

BN Slmllar trends are ev1dent w1th respect to other
i : _;on-age technologies. Thé number of persons’. now
B u51ng electronlc means to.do- banklgg, shopplng and other. .
‘transactions through' such?services as ‘Viewtron,

. “of- Knight-Ridder and AT&T, or HomeBanklng, a : S

, serv1c of Bank of America, ptill is figured in the thousands' . % '
-§§9 ] rather than in:the millions. Sophisticated telephones such"
’ as, AT&T .S Gene51s have just been 1ntroduced

.ot

s -.‘For all of these reasons, it is probably t1mely now'to
» draw upon’the experiences to date of disabled and older BRI
. persons to: suggest ways in which. information-age o~ :
technologles may ‘be made more accesslble. : t
‘ Yet the realltles of tme marketplace must be respected
‘It is. unllkely that computer software manufacturers w1ll ’ -
” be w1lllng to scrap the features that protect their programs
from being copied. It is also improbable that hardware ‘
manufacturers 'will respond to more than a very few special needs
that are not congruent with the needs of the general public.
And with competition so“stiff, it appears. unli 1y that any -
"hardware. or software manufacturer will adopt changes .in design
that are costly or that require lengthy development. The project's.
survey of manufacturers made these pOlntS quite clear. :




; Recognlzlng the e constralnts,‘we offer below some ,
suggestlons drawn from personal 1nterv1ews w1th severely'ﬁ
"disabled 1nd1v1duals ‘'who own or use personal computers, :
dlscusslons with experts in ‘the field of adaptive ‘

‘ perrpherals,land review of relevant llterature. ‘The

' « proposals .are presented neither in- ascendlng nor. in P
Ao descendlng importance because‘what/ is important for. one T
. ' person may ' be 1rrelevant for anothera>All of thke B

o ‘suggestions, -however, appear both necessary for many
- individuals with special: needs and technlcally feasible.

for manufacturers to adopt at relatlvely mlnor cost.

.\‘..

Ex

I Redundancy "When 1nformatlon 1s’presented in one
mode ‘(e.g., dlsplayed on a screen), offer the
W;ﬁame informatiop in a sécond mode (e. g.,\audltorlally)
his suggestion ‘would prevent 1nacce551blllty in_
future software for deaf persons' (who couldn't
hear audltory—only 1nformatlon), bE&nd people _
(who couldn't.read v1sual-0'ffidata), and. learning
.. digabled 1nd1V1duals (who ma¥#be. unable to process
. . 1nformatlon in ‘one: ‘of the modaliti€s). . e P

e .. The same suggestlon apﬁlles to tactlle 1nput modes.
' : —If a "mouse" is used, for example,. it should also
be possible to input the same informatdon on the
o Vkeyboard If a touch screen is used, as with e
* Hewlett Packard's 150 oersonal ‘computer, it should .
: ' ‘be p0551ble to keyboard the same 1nformatlon. :

It probably would not be necessary to prov1de
redundancy on ‘a simultaneou real-time basis.
That is, it would be accepta le if information
could be put into and taken out of a computer
: by one mode at. a time, as long as another mode
B .. also were p0551ble. :

™ What should be avoided, if at all p0551ble, 1s
software or ‘hardware that permits only one mode
" of input or output for partlcular functlons.

2. Transparency. This techn1cal term refers to functlons

' which make it 1mposslble for the computer to "know"
-whether information” is being entered from thé keyboard
or from some other source. Transparency is related to -
redundancy in that transpareney facilitates the use
‘of different input and output modes. The use of :
keyboard emulators, for. example, would be greatly
expanded in potential were computers more . transparent o
to alternatlve 1nput mechanlsms. ' .

1'7
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T .}.two keys simultaneously; fewvc

5. xguaras. Spec1ally deslgned keyguard‘

13, A

. 3 On/Off Sw1tches. On many. termlnals, such as- Apples_u

and CPT machines, the on/off switch is loc¢ated at
the very back of-the machlne in. order to. prevent
_ accidental or- unauthorlzed use. Such sw1tches,
" however, -are be ond the 20" reach of many physically
disabled persons,: 3clud1ng many using wheelchalrs.'
It may be possible to design. an on/off- sw1tch that: -
'is located at the fromt. of the. terminal but is: deslgned
in such a way as»to prevent mlsuse,,examples would.
‘include.an" aﬁ; matlc interrupt routine which would
guery: the users: MOff£?” Yes/No?" or the use of a two-step.
. off mechanism in whlch ‘something elsé must be -done:. Rﬁ
before, after, ‘or while the off switch is depressed/ N
(as "Control/Off" Other alternatives ‘include’ special
coloring (ré&d, forwtxample) of the on/off switch. =
While we believe it is important to explore this .issue,
it may be that the consequences of ‘accidental or . L
unauthorized use of the on/off switch are so ‘serious
(loss of memory, for example) that this represents a-
case 'in which the spec1al needs of older and disabled.
persgﬁé must take. s back. seat to the more g eral problem

' \\2. D3tachable Keyboards. Fortunately for persons w1th

special needs, such keyboards are popular with the
general publlc. Persons with moblllty‘restrlctlons,
- particularly those .using wheelchalrs, often prefer
. to .place thé keyboard on a wheelchair .lapboard. Thls
-requires, ngiionly detachablllty, ‘but also an elongated»
- cable ' or some mechanism.  such as the IBM PC Junlor s
infrared slgnal which enables the user to posltlon .the
keyboard/as far away from the central procéssing unit
< -as’ twenty feet. If a cable is used, a four-footglength
probably w1ll sufflce to meet most spec1al need

‘persons w1th cerebral palsy, arthr1t1s, andfother‘

if ¢ustom deslgned but may cost.only one tent
*much lf made available _by the ma facturer. i

."‘.

' An 1mportant Qeyguard feature is /an automatlc depréssmng
- méchanism . for control and shift ceys. Persons with..:
severe fine-motor disabilities ay not be ablé to e"ress
puter keyboards fea
a control lock capability. -

‘e




6._Dvorak Optlon. A Dvorak keyboard dlffers from the
' standard QWERTY keyboard in that the most-often--
SN - used keys are located in the "home": row, maklng
Ty it posgéble to type many words- w1thout moving the
o CR positi of the- hands at-all. Appile. has announced 7
]\y T 'j-;__Athat it will make a Dvorak keyboard; avallable fOr
<t 0 U its YIe and IIT ‘computers. DEC may follow suit. T
_ . For phy51cally dlsabled .persons as well -as older.
L. L 1nd1v1duals w1th arthrlth, the Dvorak. may- ‘be" - -
- =% much easier to ‘use than'the awkward’ 'QWERTY keyboard..

See, for example, "“A Keyboard Whose T1me ‘Has Come,".;; BN ]'.;

‘ Inc., June, 1983, 43 -45..
_ R B 3 R i ,
—— 1. éharacter Dlsplay. For v1sually 1mpa1red.persons
: st ‘using Optacon devices,. availability of ‘a’ standard
,character +size would: be most\helpful because the - .
Optacon. 'is limited in its capacity to. "read" dlfferent
51zes~of display imagés. Optacon users, too, heed an
"active"" (CRT). display rather ‘than.a "pa551ve"'(LCD)
. dlsplay f0r the per1phera1 aid to wprk

R A-
. .'_ R

”'8..Add1t onal Memo§§ ‘Given the always-lmportant igsue’
of affordability, the potential of 32-bit. desktop A
S computédrs t0 meet the needsvof hearing, vision,-and.
, , mobility lmpalred persons is very. great: because the
' ’ additibnal memory makes it~Rossible to include
mult1-level, multl-tasklng,\spegph-recognltlon and - o
ﬁspeech—synthe51s capabllltles in commerc1al programs.-‘
We hope that developers of these advapced .machines °
.will recognize the special needs of disabled-and
‘ . .+ elderly persons and avoid fnstallatlon of features
e e wh1ch would defeat these de51reable purposes.

I

9.'Protectlon. As. lndlcated earller, we ' recognlze that
1t is very unlikely that software manufacturers will
' .retreat from their p051t10n on protectlon against-.
copying disks. But ‘the:issue is so’ ‘important that we
hope they will at- least explore other ways gf protectlng
the prograns, ways which will not prevent use of -
- speech synthe51zers or keyboard emulators.‘

« - 10. Portablllty. Persons w1th spec1al needs viten de51re to
R use the great capabilities .of personal computers -for R
spurposes other than those served. at-a desk. Portablllty o
. . would help’ speech-1mpa1red persons, for example, use o
. a computer . ih conversatlon, a blind person to use one = -
_ : ,to take notes in class, and a physically disabled person
P B (use a computer in more than one, locatlon. At present,
o t¥does not seem thak_ the potent1al of the 32-bit machines
.w1ll soon be joined by-the advantages of portablllty, but
no one who has watched the: computer field for more. than a
few months’ doubt; that. someday 32-b1t portables w1ll be
on the’ market , S

T A
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.-, Of all the measures we would advi;§'manufactdrers'to _
con51der, probably\the most 1mportant is: J/Listen to people ~ . . -

iw1th spec1allneeds." .ﬂ , : 7_' IR o
. A dlalogue between dlsabled and elderly persons, on the

~ one hand, and mahufacturers. on’ the other is almost certaln

- to, produce greaterwempathy .on each .side of the problems faced
by the other-+-and agreement upon feaslble, cost—effectlve'

.steps that can be taken. PR -

ol Ty
 Prospects - | R e 'k; L T
What are the chances that hardware and software manufacturers

will take into. con51deratlon ‘the special needs of older and
disabled persons when deslgnlng new products'>

: Recent hlstory is not reassurlng. those ttempts of whlch _

- we. arg,.aware almost all have been rebuffed, as disabled persons -
complaining to manuﬁ?cturers learned t6. their regret that the
1mperat1ves of the rketplace overruled spec1al cons;deratlons.

. v

>

However, there ar% two’ factors whlch argue for brlghter
prospects. . L

One is the size of the market for spec1al—needs computlng.
At least four million handlcapped children are in the public .
“schools, according to a 1983. compllatldﬁ of state, reports by the
U. 'S.. Education Department. More than 13 million Americans’ between-
the ages of 16 and 64 are dlsabled, according to.'the highly ° el
w respected Current Population® Survey of the U. S. Bureau of the
Census. Another 4.7 million” people aged 65-74 are dlsabled,
‘accordlng to the l982 CPS. . .
Most of these people have famlly members who are’ tuned to.
their spec1al needs and" will-consider, as one faq;or related
‘. to purchase of hardware and software; accessibility features
wo- important to their relat1vhs at home. At least seven mil -
. disabled persons work for employers who ‘mays take into co 1deratlon
‘acce551blllty features of bu51ness-use systems. -.;,_”y;fi ,
-~ L -

- A nd’ feature not yet 1mportant in the marketplace, but .
'looming ,in- the distance, is ‘intervention by government._When S
buildings were recognized to be 1naccesslble, the Federal- Government
~ passed a series of laws requiring .that. all new constructlon be

" "barrier free" and that existing structures be retrofltted to '
accesslblllty when scheduled for renovatlon. ] [

;-

2




'.=Government but by the prlvate sector.

'L-acce551ble to persons w1th spec1al needs.

. .“
C . O

S Regulatlons such as: those for sectlon 504 of hetl§73"
Rehabilitation Act also were: promulgated Most of the' ’
costs 1ncurred in retrofit- were borne, not by the Federal

L Most observers in the dlsablllty communlty would prefer "-“h ~
that voluntary, marketplace measures take precedénce over. SR
forced compliance with- Federal statutes..:Still, the. pOSSlblllty [Tfn §
that' government eventually may be forced to step.in to . - FTRUPR
regulate spec1f1catlons of equlpment should not be overlooked.

-

Perhaps the. dec1d1ng factor will be utlllzatlon of

'_technology. Persons ‘close to the development of 1nformatlon-age

technologles have a, natural desire to see theéir inventions

. ~and creations. used in the" .broadest possible spectrum of -
“.ways and. means by the largest possible body o6f people. -
--We-have: seen, for example, that ABC-TV -and PBS remain- hlghly
‘committed to "close-captloned" telev1slon that benefits
'hearlng-lmpalred viewers despite the fact that relatively -
few closed-captlon decoders have been sold to. date. ‘ ,',’

- Personal computlng today is often descr1bed as "the new

';rellglon.” Without being sacrilegious, we can observe that

persons who have discovered the enormous potential of personal
computers exhibit an enthusiasm .about these -products that .

. closely approximates that of "born-again" Christians. - ‘
‘Some experts persist in explaining that computers are just tools,_

like typewrlters. But most ‘of us who have used computers don't

\7“feel that way. Such. commitment may augur well for the future .

of computlng for persons with special needs because it may
impel developments that w1ll ‘meet thelr needs w1thout sacrlflclng
market 1mperat1ves. :

Informatlon-age technologles other~than personal computers,

~such as’the Viewtron terminals for videotex, - Gemlnlatelephones

and the like may share with personal computers a susceptlblllty

‘to adaptatlons to meet spec1al needs along the lines suggested

in this report. In particular, ‘rédundancy, Eransparency, portablllty,.'"
Dvorak keyboards: and the like may .prove to be.ways in which - :
a multitude p£ 1nformatlon-age technologles may become more

-

| Much work remains to bé"done before spec1f1catlons that are
precise, feasible,. cost-effectlve, and subject to mass" production -

- may be identified and proposed as possible standards. This report
-is only one small ‘step on a long road. We conclude with the °
. expression of hope that_others will take up the task. - "

R - SN
- Lo A LT
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A totar of 118 manufacturers (43 hardware, /5 software) were -
surveyed using the mwo enclosed'questionnaires. Responses o
’ were received from nine hardware manufacturers. (20.9%) and
L from 26 software manufacturers . (34. 7%),_for a comblned
response rate of 30%. Key_f nd1ngs~7-f; -

> Hardware

- p'56% reported that the keyboard was Separable. That is
somethlng.many phy91cally dlsabled persons need.

o All respondents reported that shlft-lock keys were . =
standard but only 22% reported control- -lock keys as -

standard. Some phy51cally disabled persons have -

d1ff1culty depre551nq two keys 51multaneously.v

T

o 78% reported that characters are. 1llum1nated by an
- "active" display rather than by: the’ "oa551ve" LCD.
Bllnd persons can use an Optacon to read acthe but”
not pa551ve dlsplays. . :
) Only 33% reported that audlble alarm 51gnals are also‘
c fglven to. the’ user v1sually. Deaf persons often cannot
; o »rﬂihear audlble 51gnals.v : N .

o 89 sald an RS- 232 1nterface is avallable; That s
- igmportant -to- disabled and older persons. who need to
nﬁuse per1pheral equlpment w1th a* computer.‘ -

.0 78% reported the computer to be portable. Many dlsabled
'_ﬁersons apprec1ate portablllty so as to use the dev1ce
" for communlcatlon as well as. for computatlon purposes.

.<o 44% belleve speech synthe51zers may be used with their.
L products._Bllnd and learnlng-dlsabled persons need these..n

) o:Only ll% stated ‘that a Dvorak keyboard was avallable as
- -an- optlon. Such layouts may be easier for: older and o
dlsabled persons to use. o -y : ~.‘_ ‘-; R

"'0.67% report that dlsplays bllnk at ewer than 5 Hz. Persons S
with epllepsy may be susceptlble to selzures at. hlgher_
-frequenc1es. S : S

)




.-Software . e T p .

'o.éS%nsald'the programsvwere'protected tSome peripherals
. such as.speech synthe31zers may not we®rk with. protected:
'software w1thout extenslve modlflcatlons in hardware.

. I o‘Just 27% observed that software alerts users-' :
o', - . . 'both. audltorlally and VLsually to- cr1t1cal\1nformatlon.
o Deaf: persons may not hear audlble slgnals.4

o Half (50%) sald analog 1nputs may be used (e g.; game-'
-_,paddles) Some Spec1al-needs peripherals are analog._

D ) Multl tasklng (23 l%) and multi-level {26. 9%) programmlng
A ‘ o was the exceptlon rather than the rule.
Qa About one—fourth (26« 9%) said. they would conslder
E speech and other alternative input ‘capabilities in
.. future programs while 34.6% said their current - L
'-programs allow such alternatlve modalltles of 1nput.

'.. ) ’ . b- i . : ..A

Other'Commentsfd'[ R

“.Manufacturers were asked to prov1de codhents in addltlon to f
'respondlng £o0 questions Dosed -in the questlonnalre. One . .
~hardware manufacturer observed: "We can respon to.d specific
" request concerning those who may require spe: lly de51gned

_'.systems. All oné need to do is to contact ourygrganization

. ~and We will-do.- everything . we can. to cdomply. witth special
-.requests on: product deslgn, where fea51ble."' o

'Others were less optlmlstlc abont meet1ng spec1al needs."
‘Said one software manhufacturer: "Many of thgse ,are tough e
 issues. The “key problem is not technical ‘but’ economic. The
major markets continue to®be for the majorlty of users who can-
make do with ‘the ‘0ld keyboard technology. Keyboards are not
great for- anyone,’ but they are pretty good for an -
‘overwhelmlng majority. Multiple, simultaneous keystrokes
. permit, for those people, a smaller, cheaper and simpler -
; _u;(percelved»slmpler) input device than a ,large array of ,
o _spec1al—purpose keys would. The spec1al needs .of  any - small

segment remain. very hard to justify due to the 'dls-economlcs"”'

of small scale. The jury ‘is still out on alternatlve input.
. -methods. -Many of us have fooled around with mice, llght pens,
, . touch screens. -and related devices. These. things are nice and’
" it is .always. fun to work with new, non-standard solutions to+
old problems. But the market does not buy very many thlngs .
o that are not like.the old keyboards. 'Protected’ programs are
“ . . irritating: for all of us. But (again) so6 many programmers “and
small software -businesses have lost:such hlgh multiples of )
their income through plracy that protectlon 1s probably here,_{-
to stay. T S :

- N X . . X . '
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‘Tabulations .

Hardware ~ . = L e

1. Keyboard separable° f"_ 56% Yés“.ff,L_,f”f»ﬁ~f".";f-\ L
an;‘Shlft lock standard° U 100% Ygéf  1_‘;‘”j.uf'?g f"/_':" ;'7:751
73;_Control lock standard?‘;"'22%‘Y§sit Lol

Al - . . o .
- wo . T A L e

4. Keyguard avallable°- . 78% Yes- ¢ ., :‘;ffj_   _ o
oo R - Q;:<Kgyguard;questign was .
. 5. Keyguard hold—down°, ]f_ ‘89%_DNA:1;hpFabany;migquers;qod.
.‘6;_Emulato:,avallable2 jiév."ZZ%:Yé;j f<:f‘w'> LI
““_i; éa;e's&itbﬁ.iﬁpﬁtsgj'-:f'illg_yééin ‘Aﬂ'.>
l's;]Paddle/Joystlck° ﬁ“;F“- 'Ei1% fes7£'5’
B 9. MouSe 1nput° S ' £ 33§ Yesl}}”'
‘Q; 10;‘Touch ;nput? . ': ~£1 .j'l;i Yésf} é;~. . ' ‘ = '§Lj; ﬂ;;;ﬁf;
ll.‘Tactiie'feedback2.;:$ 16737ie§.7
12, $¢rollihq?‘   .':".'” >';89%;YéS.
: éﬁlhdharéctéF773mm?_l‘.u‘ ‘:‘j44%;?e§“
ff 14, vér£ica1'adjustment§7 - '44%_¥és“f?f'
;ls.jHorizéntal adjuétﬁéhf?:hf 1L% Yes |
ié..Actlve dlsplay° :  },2‘1'78%;Ye$_, : ;; 4.
“li;?VISual 51gnals;”¥; 5  "’ ¥_33%AY¢Si ‘
:18. LumlnanCe adjustable°‘:jt~89%‘Ygs ‘ . o
"’19 - Rs- 232wava11able°‘ o ?_569%-§é§«¢1'Qﬁj’”f,»f»-‘ :; g;fg ;
t  20 DlSk dr1ves° - _”,£ “~>(f§8§ Yés‘f  1 o S
: 21._Phonejmodem?€ . - ’f‘ééguyéé‘JTQJkﬂ

22, Phone hodém standafd?i',<-89%‘Y¢s/




(. Hardware, Con't = = -, . ST e e s
— — e L S

e -

23{-Expanéibﬁ sidt59 ;. .;%7% Xes" ‘_ o "ﬂ tf - ' ;'_ai7

. 24‘If\—yes, how many"‘-'_-":' ‘_ :~ G;i‘\'}en. 5 4 6 8, 3 3 2
25, ouds maM memowy? . . 2 ves . a -
'26i Vlslble/audlble°21{ w 56% Yesg::(f.f>fh ST  '
7. Audibleonlyz ll% Yes o oma
e e T B T NI N

28. Visible &nly2:' ..o L 89w DNA . . Lo
i 29. Modular? . _,;"£=75”67%-yésﬂ B A

730, Portablez- ;. .7 ', 78%"Yes |
7h*3lqiﬁéigﬁt5'*;ﬂff;fﬂi',ﬁf Y?leen. 8- 45 poundsv:E

n:uwﬁi;fSpec1al dffer1ngs° i; 33% Yes

3rgi§3}:8peech 1nput° 'fijf" 67%; Yes ;; ﬂlﬂ.? 'F;;f':;Lf _’j:t,gf~. *’;
"3£:TL1ght pen 1nput.,f-f-~ FS5%4¥es=:¥} ';f;?§ . | ; ) o '
.i“bljs.‘Speech synthe51s5- ?:‘;f44% Mét;7%§% é6§$id§r£-2?% éﬁé; .._ o
36,7Aud1ble,-not;v;slble°?'?2%S;Me£;:52%tcéﬁsidé£;:44% pNA;f;;é?91£¢;-
| H§§;_Sw1tchég:ggacgéble°-ggﬁféé%;ﬁeﬁ{fliﬁ'éénsiderj 33%;ﬁNA.-ffl.?i“'f1

]

B Y S

'“38.:Dlsplay bllnk H29 e 67%1Met}fli%'Consider; 22% DNA
S 239, Two- keys9 A S 22% Met;‘j?% Con51der,>§3%;DNA;'  S e
jéd,chnso_jg_f" ?;§;¥ . ’44%ﬁMe£}”33%_DNA 11 No Plans““

rd

41, jCOrd 1ength9-'_'*"ff_3,:223 Met; 33% Con51der;~33% DNA,

r

42, Multl-level, -taék?_“v_22%}Met-‘2§§a§on51dert 33% DNA

"431]Non?QWERI¥2."1,"b_f‘”:1;i$.Met-'44é Conslder, 333 5EA_'“‘”




-. . . ) _22 ,,'
.* . " Software =
, ———— .

Protectedaf ,Qi'

4 /.. ’

Audlble, v1sua1°
:43dMultlftqsk;ng?f

Multi-level°v

-

Sf
6. Analbg 1nputs9'
fk?; nght pen’ '
)"8; Spec1al features?

.i §. VlSlble beep°
.'10;
.11f

12.

- 13. Mgltiflevé; plans?

P .
.

14,

- Other input?

14

One-key commands’ 2

Spee synthe51s° 
N . a4 , I
Two-ke commands?.

One task at tlme9“

58%

50%°

 _ 73%'Me£;

'61 5% Met,
'1155%_Met,

35% Met;

1%

27%

Yes.
Yes J‘?
% Yes
Yes -
-Yes;.

88.5% No .

.31% Yes.

15%'anéide;5
38 5% Met, 19%_ConSider-
19%'C6nsidér}

27% Con51der

27% Met; 8% Plan .

27% Consider} 8%.Piah§

)

Yves - . 'j_:‘ .

8% Plan
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_ We re ask:.ng you to take ten (lo) nunutes to answer s&e quest:l.ons
. about your ocmputer products o , .

- The 1nformat:1.on you prov1de for us: Wlll be ocmplled w:Lth responses .
- fram other manufacturers’ to produce a report. As thanks for your
help, we ll send you a copy of the ocmpleted report.

Our J.nterest 1.s_1n how “your products may be -used. by people with
- "special needs" such as vision limitations, hear:.ng JmpaJ.rments,
phys:Lcal dJ.sab :L ies, and other restrlctlons

As you may know, at least 25 million Amer:Lcans of all ages have -
“disabilities.” These: people want to participate in the: "oomputer
revolution” as do others. who. are not .disabled. But to do thls, ;

- people w:Lth special needs mst have "access:.ble" ocmputers. . ’

, w:.ll h:LghlJ.ght sane faJ.rly simple steps you mlght ’

" * to consider in order to open the market more widely for ycn%an s

productsa Same of these steps—-such as offering a visible"

- counterpart to an audible signal-—might be J.noorporated J.nto
future vers:Lons of your canputers : .

Th.'LS research is. supported by a grant fram AT&T. ‘We will supply to
S all manufacturers who cooperate in this study a copy of the report.
s » And e will share -our: flnd:l.ngs as well w1th people who' are: dJ.sabled. ,

Thank you for- your help. A self-addressed, stamped envelope is
‘ enclosed for your convenience in responding. And we welcame any
letters and llterature you WlSh to send us. T

I look forward to recelvlng your: response.s_oon.

) . = arlkm,PhD-
RS '«gv.. " o . Pro:]ect Director and
S St s S V,J.Sltlng Pr@fg
: . - L::. .

%3 SR 4 _ w ; ‘

Please respond by 1 December 1983



Page l Unlversz.ty of Arkansas Survey

Computer Model:

.»Manufacturer:"-“ B 3
Address,‘Phone:" )

. KEYBOARD - . Yes . No
l.Is}mybxud' . ;;;

2. Is smfm \stan | o o

3. Is control/lock st ISR

4. 15 a k_em& availak | - -

) e ves, does it have a shlft/control e

. "hold down" mechanism? =~ - P T il

- f. . 5. 1Is a]«ﬂﬂxxud emiknxm'ayallabhfil\ - '11., . | | ;__
'.‘\__;/ﬂi Are g___sw1ﬂj11nputs standard?. f ; :1. .;  .‘ o ‘“f‘ o ;r_

' ' If yes, is paddle or joystlck ava11able° | — L

7. Is. "nouse“ 1nput ava.l.lable'> _ - ‘;;; .

_:8.'Is "touch" input avallable (on screen)'> § S

9. Does keyboard have tatfile feedback? Ll

. o B P N o o
! DiSHAX u . - B ;‘._ . ‘;
l;_Is scrolllng under keyboard c:c:ntrol'> | | ;‘;; ‘ .-_;l

2.13 dwmaﬂzrlmu@ﬁ:emmd u:orrmnE'uwm 3nmPfT ;;; ' -fsi;;

3. May scnaxlbezﬁhusteixmuincath’ ;; ' _;_ S
.4Lbhw'scnaalbe aiustedrmmlzxnally° - ?  - 3;7';__ —

5. Is display "act:.ve" ‘illum:.nated and not ICD" _» o S

.é; If "audlble" sxgnals are given, is the same e _;_, ;;;_

, - information dlsplayed on screen'> v . R - e
) X ' 5;‘Isvlum1uance adjustable? iu ';  »*: j.nr?';;_=f | ) L



.-Pege 2:- Qniyersihy of_Ar»k‘ansas"S'urvey ! v
| Ce}tiputer Model:
| ‘.j Mariufacturer: - SRS " ;_ "
e 'Address, Ehene: | .. } R 9
Is a RS-232 interface avallable"\ e L
2‘..Doesthlscatp1terusedlsk&r1ves°@ «_‘*: __ o . __:___
3.‘.Is a phone’ modem ava:vfable" , e ‘ | . L
l '._If yes, is it standard’—‘ T | - - _ .' __
4. 'Does this ccmputer have 2 “"1on' slots: o ' :
‘beyondthetwoneeded terandmodem" - —_—
If yes, how many slots in total’—‘ 'v _ ' o
l 5 rDoes this ccmputer have aMoS RAM mnory" . _
6 Are warnlng slgnals both VlSJ.ble apd. audlble"_ " _ S
‘ : ,‘ If o, are they audJ.ble only'—‘ R o
v ‘ . . V1s1ble only’—‘ » o o o
. 1 ~ . lf .)Is,w the systennbdtfla.r"
N 2. Is.t pértab]_é'?: S

,.-’ v f(j/_‘lf YeS: ‘give. Welght:l.npounds - a

3. Do you, as manufacturer, offer any specml 2
perlpherals or modifications you believe -
~would help people w1th spec1al needs’—‘ '

If yes, please J.nclude descrlptlve llterature :
when you return this: questlonnalre. h ‘

4. _Is speech mput possJ.ble w1th appropr:.ate -
per:Lpherals" ' ‘ Ce
¥

. © 5. 1Is llght—peh_mput poss:.ble'—‘




Page 3 Unlver51ty % Ark&sas Survey LT )

N o S o

V2N L . S
: Computer Model- ' S : o
s : , —
Manufacturer- N SRR
G Address, Phone: . ,
RESPONDING TO.SPECIAL NEEDS - "_ﬁh-

R

e

Scme dlsabled people tell us they have spec1al problens w1th same .

camputers. They need to buy expensive custam-designed dev:.oes,wr .
customized software, or both to use these camputers. They're very )

. interested in knowing if manufacturers are aWare of %

and<willing to consider incorporating into the

. . the features they need." Please tell us about your ‘interest and plans y :
" If you believe you have met the concern with the above-named ‘camputer-
‘model, circle "M"; if you are open to oon51derlng modifying future - -

models to meet the concern, circle "C"; and if you have deflm.te
plans to respond to the need, c:.rcle "P" Th'ank you. '

(

1. Same blmd and dyslex1c people say they must have the:.r camputer |

rew1red somewhat in order to use speech synthes:.zer add—ons.
/ ?

on ‘sCreen.

2. Same deaf people say that scme ocmputers gl udl.gt "been"

to 51gnal scmeth:.ng w1thout dlsplay:mg thlS J.nfo

3. .Son‘e physlcally dlsabled people say that some oomputers have

important . switches (e.g., on/off) located at ‘the back of thg
~machine, where they are unreachable. P

4, Some eplleth.c :Lndlv:Lduals say dlsplays bllnk at more than 5 Hz

~ which nught trlgger a: se:(zure

5. Same physically dlsabled people say[tim/ey can' t hit “two keys -

v'_snmultaneously (e g., oontrol and F

6. Scme. blind people say 1D dlsplays cann:zt*be read WJ.th an k

. Optacon .(a device that t'ranslates on-screen 1nformatlon to
‘tact:Lleform). o - .p_

7 ‘Scme phys:.cally dlsabled people say the detachable keyboard

©is oonnected by a too-short cable (e.g., less than 4 feet)

8. Some physmally dlsabled people express .a keen des:.re for ';’. _
' multJ.-level program'u.ng a.nd multJ.-taskJ.ng capabl T

| 9. Scme ohy51cally dlsabled people express a des:.re or as

' mn-(MEKI'Y keyboard (e.g. ’ "one-handed typewrlter keyboard")




: Page‘4;‘ﬁniVersity'of AfkansaseSurvej;f-':5'\\' _ Vo

'i . -'Computer7M0de1: X A

- Manufacturer: v

. Address, Phone:

e

o ' o . . R

",«—»»- J

We've pnmnded-uus spaee'uanake 1teﬁsxer ﬁm:you.to aii;mmm own .
lcanmans As you'wve seen,;xxplevnxh disabilities have s:ma;ntenaﬂs L
e "~ and concerns, dxxm.penyxuﬂ.ccmpuuxs Perhaps your company-already - 'J
»~ . " has heard from scme ‘such users. Perhaps you considered special needs -
° o mmen;wmzdesuymﬁjmxu'e@ﬁ;nent Or perhaps you have umnrwed;no&xﬂs
-7 in the planning stages and you'd like, to learn more aboutlxmryou can
vneet the specxal needs of people w1th dlsabllltles.'

Please tell us about it. B CAREI R }'\;\; S

4 ,' -And;ﬂeaﬁzaxﬂo&aw1ﬂ1ymn:reﬂxxme<m:semisqyuatehram&pnumed
“literature or personal letters youibeluam:muﬁu:help uslxaﬂxm '
qqnxxuatejwmn:pnuhxxs andjwmn:plans D ./_

. X . s . R X : ", e T L o
S S - | W
; . N A . Te - : o . : . B o
\

1. .
v .

" 'send qjﬁibf,ﬁhﬁshed-hq;nﬂ:to"ﬁe{'NBme
oo S o . Title

]

‘, Adhess - : s ~

THANK YOU-FOR YOUR COOPERATION! AJﬂﬂf&mmﬂ&SsEDkaEmEEDlﬂuEIOPE 18
ENCLOSED FOR YOUR CONVENIENCE. '. ~ = - ., - = - = .

R=]




about your software products T

that report, as will. all respondents who help us with th:Ls survey. \
Our mterest i8'in how your products may be used by people with .
. "special needs" such as v151on llmltatlons, heanng loss, and - .
‘physical mpa:.rment?? , L _ _ o
“ .vAs you may know, at least 25 m:.lllon Amer:.cans are dlsabled They, =
"~ like other citizens, want'to participate in the “'camputer revolution.”. ..
_'Ib do so, however, they need accessz.ble“ software and hardware..

"I'hJ.s survey has three er.ef parts

"nurd you're asked to tell us anyth:Lng about your product or’ pl
: that ‘you thJ.nk w111 help us better apprec1ate your work. -

: 'I’l'lank you&for yo

}-Please respond'by' l» -December 1983

‘. "; ‘j:. B | / ..‘
Wereask:Lng youtbtake fJ.ve (5) nu.nutes toanswersaneques’u.ons

T

"The J.nforna'uon you prov:.de for us w:.ll be oomp:.led w1th responses |

from other campanies: to produce a’ report You will get a copy of

) RS

B First, you re asked to answer same. yes/no quest:.ons about your product. '

Seoond, you re asked lf yzu/“wn.ll oons:.der“ or “plan“ some changes. o

This research is supported by a grant from AT&T.& We will supply to i‘
*.all hardware and software- manufacturers ooooeratang with us.a copy .

of the report. | eo%l]e who are, dlsabled will get. oopJ.es as well /

e
elp. A self-addressed, stamoed envelope 1s
enclosed for your convenience. And we welcame any letters. oF. -
prlnted materlal you msh to send us under separate cover.

I look forward to reoeJ.v:Lng your response soon

} - Bowe,
Progect Dlrector and
- Visiting’ Pr_ofessor o

P

-

Y
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Page-l,'UniversitY~of Arkansa%iSurVey“

LY

Software Name:

Manufacturer: .

- Address, Phohé'

-

: lyIS‘ﬂKBSObeEE Wxnbaﬁed

2.TDoes'dﬁasoftmmx:shaﬂcmrscna§1and -
indicate mxhxoruﬂiy<nutuxd uﬂbnmﬁnon’s

“ii3.Axe1mxm qmmﬁmdsrmedéi"one}«wm caumuﬁs"
4. Is- multlﬁtgsklng p0551ble° |
- Is multl-level pmogranuung p0551b14;, o

¢6. Can analog 1nputs be’ used (e.g., paddles,
‘ ‘Iﬁﬁtﬂﬂs)°' :

:7.(2h aihghtxxulbetsedas ummt’ .
8. Does the software have any specxal features“
. . incorporated specifically so that problems'
.y* ' users with "special needs" encountered.
o ‘du;nm;deyeyxmemt could be resolvedz
If Yeé;:blease.téli,ts-ébout ie. .




Page 2, University of Arkansas Survey = & - &

- Software Name: -

Manufacturer: - -

Address, Phone ~ o

.u.

Same people with dlsabllltles tell us they have: problans us:.ng some

software. To the issues below, please indicate if you believe you've
‘met the cancern (circle "M"), will consider modifications to meet the .
. concern. (cu:cle "c"), or have definite plans. to meet the concerns ("P") -

1. Sane deaf people say that J.nformatlon and dlrectlorns are gJ.ven by
o means of a "beep" or a- synthesmed—vome ocnmand they can t hear

. ~
PR

2. Scme blind people say that’ they cannot send to a speech synthesmer M
(e.g., Votrax Type-n-Talk) information from a "protected" software -
program. They say they must spend large sums of money modifying - :

~the software and/or hardware in order to be able to use the software.

\

. 3. Some phy51cally d.lsabled people ‘say they cannot s:multaneously j M '
Lo depress two keys, .g., Control and Fl . o .
g 4. .Scme phy51cal v dlsabled people say they cannot use theJ.r o - ‘M

computers £6r morethanonetaskatonoe, scmethmgtheyattunes

- ‘contfol, s ity alann, and telephone—use purposes. ‘They would like -
a. "maltis k.mg" capablllty that would let them jmup back and forth
"between programs w:.thout los:.ng eJ.ther in marory. o _

-‘S'v."'Scme phys:.cally d:Lsabl '
-+ ¢ prod fram one set of software cannot be used as input to-another. .
oo~ Is "nnujlstl\{evel" progr g scmethlng you have or may SO0 have"

R

; . GSane physically dlsabled people cannot us: keyboﬂuch 1f atkll
o .'andprefertouse-allghtpen,atouchscr , @ Mo andspeech
"_-lnput Do you have plans to/make 1t eas:.er for: then to do so'> T

g 7..'.Please add any other ocmnents you may have., | -; S

LIRS

-~ urgently need to do. That is, same use a. camputer for .environmental L

persons express a keen’ frustrat:Lon in that M -



4 -"Pege.B,*University_df,Arkensas'Survey

'éoftwatelNahe:' K

Manufacturer.‘

: Address, Phone."

-

r); ﬁ”-

' We ve:mnsmd.s:malssues:uithls qmannommuxe Pedums youkwwe amments
. to make or plans to report; possibly, -‘you know of penqimnzds or add-ons
“that can be used with your software to meet speciil needs. It is possible,
,.pmd:smlaﬁu(wmﬂnmuhnrhmnﬂ.amdnultb¢a§cpmq;ﬁmuumg,thatea"next B
generation” ofrmm&mnx:amdsmftmnx;wxu.berme&aibeﬁmmapnxnessczn S

,be made as\requested by same people with disabilities; e.g., a 32=bit .
sxxnnunn:xmmmerlmuﬁu:he the device needed, for ‘multi~task programming.

| Please tﬂ«aadwuﬂzge of ﬂnaspaceibekwvto a&iamy canmuns yourmw'have.epfw’“

_:';Phﬁme &aﬁ.u:ne acxmy'oftme nﬂxni-pnuhxed ;:g;:‘i -f”f.',' _5;;
'-bytmss“r"eypmje"t L N DR

" Address . - I = ;' B

'IHANK YoU. PLEASEUSETHES'IA SEIF—ADDRESSED ENVEICPE'IORESPOND o
.AI\DWEWEI.C(NEANYSEPARATELYI mmmvnsmuw:snmsmmus.,_:-ua

¢ Y S

Lt



.
. HARDWARE MANUFACTURERS = ,
. Apple Computers, Inc.: ' =~ ' IBM Corporatlon N
~+ . 20525 Mariani Avenue . .. Entry Systems Division - !
S Cupertlno, CA 95014 f oo P. Oe. Box 1328 o T
- : e Boca Raton, FL 33432 [', o
?'Atarl, Inc.,..:-'.” e , S
. P.O. Box 61657 - ' : - Kaypro Corp.~ '

_ Sunnyvale, CA 94086; . .Y 7 . . 533 Stevens Ave..
e S Solana Beach, CA 92075
Bytec Management Corp. R
. -Hyperion Division. e T Mattel Electronlcs Inc.
.8 'Colonnade Rd. . '~. 3600 Sepulveda Blvd. -
»";Otawa, Ontarlo, Canada K2E7M6 o Manhattan Beach, CA 90266
: o 20 Ve o
Coleco Industrles, Inc.k._ R Mlcro Technology Unllmlted ol

' .999 Quaker Lane South . . .| 2806 Hillsborough stu:
' i,west Hartfordr CT OGllo =§.]g,¢ i, Ralelgh, NC. 27605
’ : S tm
Columbla Data Products, Inc. o Morrow, Inc. , ;-»afﬁg.
- 9150D Rumsey Rd. --.‘_,U_ o 600 McCormick St} . -
Columbia, .MD 21045 = ' - .San Leandro, CA¢@4577
..Commodore Buslness Machlnes Inc. NEC Informatlon Systems, Inc.v,ijf
. 1200 w;lson Drive'’ LA ¢~' "% Militia Dr.o o wiis . '
;West Chester, PA l9380 L Lexlngton, MA 02173 N

- Compaq Cdmputer Corp. "3'J-jlhu' North Star Computers, Incm,ame'

. 20333 FM 149 - . .. 14440 gatalinaf®St.ou.
s'Houston, TX 17070 .-‘_73 E San Leandro, CA 94577
, llblgltal Equlpment Corp Qnrf 2 Radlo Shack/Tandy Corp._
.. .. 146 ‘Main Street S ﬂ*f.yhﬂgl - 300-Cne Tandy Center.-qe
,u‘f” Maynard,_MA 01754 “@}&;;;{;‘_v-”g; Fort wOrth, Tx 76102

. Eagle Computer Inc. i 'f’l TeleVrdeo Systems, Inc.j,
0 ..983 University Ave. - - - "1170 Morse Ave. i+l i
» T Lios Gatos, CA 95030 ‘ Ll unnyval";CA 94086

_,5fspson America _hxastnstrunents
u;Computer‘Products DlVlSlon ), @.sBox 53, -
- 3415 Kashiwa St DI j,u Lubbock‘ Tx 79086

i
ar
I

“Torrance, CA 90505 S w
. : SR Vlctor Technologle
, '-'.Franklln Computer Corp.; A 380 El Pueblo Rd.
2128 Rte. :38 - o
;Cherry ‘Hill, NI oeooz R
v il Sh ’g Wang Laboratorles,
a8 Sas : 1" Industrial. Ave. .
. g IR A Lowell, MA OlBSl
' v Ct b .




"soFTwARE'ﬁANUFKCTUREhS'

- HAshton-Tate . S S
10150 W. Jefferson Blvd.
. Culver CltY, CA- 90230

'};Control Data Publlshlng Co..'

.San Dlego, CA 92126

...FrlendlySoft, Inc.-v
‘3638 W. Pioneer. Pkwy.
o Arllngton, Tx 76013

< F¥T Inme; - -
' P. 0. Box 26481 . -
Austln, TX 78755.”'

:3', "'Graphlc Software, Inc. _
-~ - 1972 MasSachusetts Ave.
.Cambrldge, MA 02140 -

,; Harcourt Brace: Jovanovxch,
« 1250 Sixth Avenue = -
_San Dlego, ca 92101 e

",,Leadlng Edge Products,
.1 225 Turnpike:st .
a Canton, MA- 0

1%rLlfetree*Softwa
- 411 Pac*f;c St.r

© ' Logo Comouter Systems, Inc.
- : 9960 Cote. de: Liesse' =

Lachlne, Quebec, Canada HSTlAl :

’ Lotus Development Corp.
. 161 First: St.i T :

33 San Pablo: Ave.

Bellevue; WA 98004 B

. 58. Dunh

-ﬂ9120 Grammercy . Dr.
“San Diego, Ca 92L23

‘fieachtree Software Inc. g
.3845 Peachtree Rd. N. By 70

Inc.é
.. 702 Harrisen SE. e

' Berkeley, 'CE-'94710 -

Inc.'

‘Vewton,fMAﬁ

4

. ~M1croPro Internat;onal Corp..

Mlcrosoft Corp..
10700 Northup Way..f

ParkervBros.,f

PCsoftware of Sdn Diego

Atlanta, GA 30326 ->,.~J
. % ‘

‘

' -Pearﬁsoft .
- 25195° Southwest Pkwy

Wlisonv1lle,_QR 97070

Perfect. Saftware, Inc.

153 California Street
02158~

T’Splnnaker'Software Corp.‘

. am Road = = S e
'g,g?everly, MA '01951. e o

PR

!Software'Technology;for Coﬁpth%STCInc

215 Flrst%Stf S R _ "

Cambrldge, MA‘02142 : E _
. The Learnlng Co.‘ o 7".":,3;‘
'545 Middlefield: Rd.~ AEETE R A
I_Menlo Park CA 94025 - :

VlSlCOIp : - _

12895 Zanker Ra’..~ e,

San Jose, CA 9513% CEE L

~.;422 Aldo L R
‘Santa Clara,.CA 95050 o
SE ' .



'stered by and serv1ces provxded by theh
4,,-,fgtt’:t.Qn Researchi and: Training Center-are R
.}nénd~scr1m1natory bas s,w1thout regard to handlcap,.: S
: ﬁﬁatlonal origin in compllance with the Rehabil- =

1973 and Title VIyof the Civil Rights ActTof - "+
pllcants for ‘program, part1c1patlon and/or servlces

- ' to file complalnts and to appeal accordlng to e
*Ahregulgﬁlﬁn, gavernlng thls pr1nc1pl B . U AN SRR
ﬁﬁ?‘” _ ;_-..,,., : R .

..",qArkansas;

ERIC,

Aruitoxt provided by Eic:



